BEST AVAILABLE COPY 

mm* 

(favia favus) &m<Dm&&&ft : gt&9t&Tfi*:<DmmK-to-rz 9 

$ yy'Ox^tUT • tf^ bVT (Aequorea victoria) t^S3fef •Slii'fe^^feS 

esc (gfp) ±yo%kiz$$\,^xgr<<Dm&&m-fz> 0 *as, yy^A^g*^ 

mmm&te «t tf^aSS) (semi-rational) fc&<5 V NT s £ 

1 1 <t < sffl g f p^i^©-o t Lxt M3tiei (yfp) &m 

IfbthZo YFPtt, ?=7>f (Aequorea) GF Ptl^^T^f (Dt)fc 
Sr^-fo ±MroYFP© £ *S«fctf4m, Zrtl^ti 60, 000—100, OOOITW #5 J; 
TJ0.6~0.8-C*>*) (Tsien, R. Y. (1998). Ann. Rev. Biochem. 67, 509-544), 

z.tib(om-i, — jftftfc^ta (^^^-u-f?^r y^ir/n-^^ ^^<t") oic 
GFPjEMofli©«iu, ^ryTOSl (cfp) isfct), e 

CFP (enhanced cyan fluorescent protein) fbtbTV^ 5 0 ^fc, -< 

(Discoma sp. ) ^oSMMet (RFP) t^*S*tT*5 «9 , DasRed 

l 



#3§Bjm, ^tf^^y-fv' (faviafavus) ^^^5, fr^^lf 6fC£r 

/ ^Sfl^J<7?tf^^S<5V n-C &mts:z7 , 9 4^-&miV, ^^^y^v- (favia 
favus)ft*©.cDNA7^^7 V — ib-hfE"^ << ^ — ^^X^M^^^tW^ 

0J§#£>«, #ib;ft,/t;*/}?5;=*r^y-f iy (faviafavus) *5feC0^3tSe®<D^7t# 

fip-b, ^tfU ^r^y-f ~> (faviafavus) S5feCOTfB(D4#'l4^ 

( 1 ) 5 0 7 n m-^fe^> ; 

(2) m7^!*}£A^5 1 7nmtfe5 ; 

(3) 4 8 2 riTn^3oi-tZ>*?/l'W.yt&M$8 0 0 0 0-C&3 ; 

(4) 4-7-11X^^0. 6 8X&Z; 

(5) ^3tffi7^(7)pH^g't4^pH=5~l lX&feX$bZ> : 

(b) sb?ij#-*§- 1 izmm<DT ^ /mmm^^^x 1 ^?>ti©7 ^/sj©^ 
tMt>yxii#iD^ft^7 ^ y @£gB?u£wu mytz^-tzr x / mm 
*mw<D£ b\cm<Dmm^£ti\-£, ^T^fsm^cor =• y mtmw^^x 6 2 
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( a ) sb^j## i iz.mm<DT $ y ^?sa^j : xi*. 

(b) ga#i#-^i fciBfjoT? ywtmm^^x i i»e>»:i©7 

#i©75/^St'fc5^f^=y^D >^ 6 2#1©7^ ySSSTfc 
ST^/^^Sfc&t 1 9 8#l©7^iM-efeWyO'fv' 

( a ) w&m^ i jdiE«oT ^ y ^ga^ij ; xte. 

(b ) W$m% 1 (CfEScOT 5 y ^gB?IJ^*3V^T 1 %*h&M<DT 5 y m<DiK^ 

IMt;/x{i#»^ft57^ y »si?!l&*ru f)fc^ft57 5: y @£ga^j : 
#@©7^/iM^5^ft=y^yo^yy|i, i 2#@<dt? y^a 

6 0f i©7$/iMt*fc5^!J>'^77^>'l^ 6 2#@©7;;i 
iST'fe§7^^7^f>i^fc^f^yt, 1 1 9#Sro7^iMT-fe5f 
n^^^T^^ 0 ^^^^. 1 4 4#@(DT$ y tiStfc 6 -7°u ]) >-£ir JJ ^fc:, 
1 9 7#B©7^MT^57;^-^n^^y(C, 1 9 8#g<Z)T5 y 

( a ) BB3?ij## i knaiRoT ^ y g£ia?u ; X«s 

(b) fcSBttor 5 yg£@a?iJ^£;^T i i^SiBo7^i©^ 

&5m<o& h\z.m<Dmm\n &.t(d{^^><dt $ y mrnm^^x 1 o 

# @ ©7 ^ y iM-efe5 y f t^y iry y d >f y y t x 4 o#i©75 smB. 
St?fcsy ^^^^^y 6 ot s©7^/iistfc§/^^77= 

6 2#a©7$ y«ST'l)577A7^yi^t^f^>(: v 70f| 
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/v* 5 1 9 8f |©7$ yn^i/y^^f^ytt^ 

( a ) IE?lJ#-*§- 1 {CfE^COT 5 / &£$1J ; Xtt, 

(b) m$m-%r 1 fclEi&OT 5 y Mjyilte&vN-c 1 i^tfi©7 5: /g?<o^£c. 
#3£§J1<£>£ bte#j0>fldB5K:«j:*itf % J^T<D{prtt^<DT ^ ygfcBB^i lessor 6 o 

S^fc, 1 9 6tl©7>;yKSI^fc5t^f ^Sro^f^t, 1 9 8#g 
( a ) @B?IJ#-*§- 1 (-lE^OT 5 / g£IE?iJ ; XII, 

(b) @fi?ij#-^- 1 tCfE«c<7)T 5 SW&SMiZ&^X 1 *ife»[flWT 5 SWt<DX^ 

( a ) gE?lJ#^- 1 {;ifEtt<Z>T 5 7 B£IB?lJ£" n-Kf5DNA;XH 

(b) E?U##1 (d|E^ COT ^ y^SE^IJ 131*5 VNT 1 ^b»fi©7 5 /^<D^^ 

A : 

(a) 1E^J#-^ 2 ^lE^CO^IB^lJ ; Xf4 % 
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( a ) m&m-%r 13, 15, 17, 19 X\* 2 1 lCfE*c<Dl£SIS3?IJ ; Xte, 

(b) ga?'j#-^-i 3, 15, 17, i 9x«2 i fcsaf^isSE^jic^-c 1 & 
m<D£-b (csu covins «t p^©dnai te,m^m;t-< ^ ^ — 

#3gPJtf)£ e>^SiJO(W®ti«ttLfis Green ^ £> Red — ^3fe#tt£3tJW#t# 

&}fe#t££: Green d»t> Red — t «#t#n£#jt^&-e# S^^Sc^St 
*mW<D& M-SUOftllffiJC .t^Ui, Green Red — ^#^4&ftJ$tt#C# 
T 5 / O^t if, Green Red — £ 3tfla*t»#WK: 



(2) I2?iJ^<Di3?iJ#-5§-l ^fBttcDT^ y ^SB^J^-f 3i£7fe^£SC<7> l o#@ 

(5) @a^(D@a^j#^- 1 ^ie«c<t>t^ 7iia?ij^i't5f)tief©6 o#@ 

( 7 ) la^^ia^n^ i tcts^cDT 5 y mmpizft-r zmytm et© ihs 

( 8 ) mzmm&m^r i \z.um<DT 5 y iis?ij^ft5f)feieio 1 4 4 # 

(9) ia?ijig(7)iB^j#-^i ^tsm<7)T ^ y@?@a?ij i£7tM6fc<z> 1 9 7# 

(10) £?!l$<D8B7lJ#-§- 1 {cfE«£<DT ^ y MftiB5U«:^-*-5*3fcaeft(0 19 8 
i t> 1 ^±©7 ^ymW.m*ftO^ t &-£tt. Green ^fe Red 

(1) E^*©E?iJ##ltc|aife<DT$/ifeE2?!I«:fl"i-*^3feSeft©6 2#@ 
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(2) mmm<Dm&m^iizfci&<DT$;mmm&&'rz>%;ftw&'gi(D5 4#a 

(6 ) nz$m<Dm?m-$§r 1 icmm^r $ y ^ga^j^^r-r-s^Tt^ieK© io9t 

( 7 ) @a^<DgE?ij#-5§- 1 ^mm<^T ^ / m%m%m-rz>igytm&n<D 1 2 1 # 

IW^t57^/ito^^yp^^©Ii ; 

(8) mpm^mzm^i \^m<DT^ /t^ij^tst^si© 1 4 o# 

(9) @a^<D@a^j#-^- 1 \z.um<DT ^ ; Mmm%#-fz>'mytw&m<D 1 6 o# 

*3§3»!<7)£ b^m<DW\Wfc£.tbt£. Purple Blue ^iM3t4#tt^^B^lt^ 
©7^ /MUm* ft? Z.t*^tf, l£ft#t££ Purple^ Blue ^ftMttl&# 

(2) ia^<Dia^ij#^- 1 fcfsiftcDT^ ;m%m*^-tz>^%m&m.(D s 2#g 

(3) ia^<z)ia?ij#^-i ^ie«c<dt^ /iia?ij^wt5f3ti6i©6 3#s 

(4) mnmmmm-^ 1 icmm(DT ^ /mnm^m-r^^m^K<D 1 9 6# 



(5) m^m<Dm$m^iicmi&<DT ^ /mm&i&ft-tz-gytmmn^i 9 8# 

illt y-T -> (favia favus) g]3£c7>^7t^65C (KkG) 

i2ii, ^mW<D^?$*3r?* 4 is (favia favus) ^Mjtiai (KkG) 

Al:KkG^llX*^ h/P 

A3:KikGR^feBS|t^ <fc 5 ^< ^ h- /KDjf^ 

A4: KikGRTfe^tt^J;^,®^, r-/KD^fc 

HI 5 (i. -KmM • Hela*ffl^-e(D^^;^(Dit^^^i- 0 
A^:365nmae|tM A^:365nra^|+^ 
B : HeLa,*BJ3£T*CD3&sa 

475AF20/530DF35 exp lsec Dichroic mirror 430DCLP 
Xenon 75W ND 10%T X10 UplanFI NAO. 3 

A : KikGR|g7^i!(Di« B:KikGR3g?gJfflJJ&C7)iIj^ 
C : Kaede^Tfejit^ti^ D:Kaede^^B^(^jli^ 
Green 475AF20/530DF35 exp 50ms 
Red 550DF30/575ALP exp 100ms 
Violet 400DF10 exp 100ms 
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Dicroic mirror : 430DCLP 

Xenon75W ND10%T 
Bin4 CoolSNAP HQ 
X40 UApo340/NAl. 35 

0 7W\ lSBL2(Om^B (270nm)figjW^ i5f3t7^^ h/M^tt^-fb^-To 
(Grating<7?2^3t^^< t?) 

HI 8 W:,KBL2<75^ife^OJi&^-^^^^ h/W^t" (Grating<D2#0fc£#ij>) 0 

%. (**&) 
(1) ^P^g)TO&f 

#3§930>1&}fcSSSCfcj\ ^tfU^^-T v' (favia favus) ©T$> 0 % 

(1) Sbjgfe*d&S#S5 0 7 nmt'feS ; 

(2) *3fe«^:jftft^5 1 7 nm-C&5 ; 

(3) 4 8 2 nmtl5lt5f;l'IMP 8 0 0 0 qT?$>5 ; 

(4) ItWO. 6 8ffc5; 

(5) M^pHl^ p H=5~l : 
^3j?5^^p«-f'> (favia favus) tt s m&Wltoft1& Is =?mM* * * 

*¥£m(D%ry£w&mz, siTcDrnmrnx^-tm*) , m&m^M^s o 7nm 

-e&9, ^*tt^ftft*S5 i 7 nmt'fcS, 4 8 2 n m^*5tt Z>^/W£ft. 
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b Lxmirz - bfcxz zfrzmvtcm&xhz> 0 

?IJ : 

* l < f± 1 a>e> 5 fi x u < a 1 *»e> 3 mm&&M&~tZ)o 

<b^-e^5^-c^)^^^L, ^£;3&£ x jaSSES, ^fc&g, pHM* 
t><fcV\, 

•Y"7^-^iStf-L, ^ntb&mb^XXtf**? *4 is (faviafavus) ft^cDN 
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(2) »j8WODNA 

(b ) @B»# 1 {dffi<fe(OT ^ 7 Wtmm^to^^X 1 7^ibgM®OT =• 7^(7)^^ 
1-5DNA 0 

tb^CDDNA^W ib*t£ 0 

( a ) @B?IJ#4§- 2 ^fBgccDitSlB^J D N A ; Xfi. 

(b) ia^J##2^fB4fecr>^SB^J^*5VNT 1 ^^McomSO^^, ffl&K:^ 
/Xtt#^Sr^ri--5^BB^J^^U, ^of3feSai^^^Kt5DNA : 

SU #M^^7-Y^-^ffiv^fcxKy ^ 7— tfig0K^ (PCR) (ciio-CM^ 

B)f^cD^SB^J^MM(D^^#Ai-5^rfe{±^^#^^^|-efe5 0 in 

ioT/I^^tt5 DNA$:»5 i t &X% 5 0 ^©i^ &<k£PC7>&fl?{i, 
#>JxJ^ Molecular Cloning: A laboratory Mannual, 2 nd Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. , 1989 , tfet/tC Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) MfBiSc 

^tix^^ a 
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(3) ^w^m^m^??- 

#J Kit £ *VT V n -5 0 7' n ^ — ^ ttlg^jNBUS te*3 V n T *E^fiH£ fc^f DNA gB?!J 

^ • -v ;V h v 5 3i :=. 5/ ^ • 7 ^ 7 - ifit'gT- (Bacillusstearothermophilus 
maltogenic amylase gene) x /<=f-/V^. • y >Jr =. /ft /V 5; ^ a 7^7 *— if ifi'izs-T- 
(Bacillus licheniformis alpha-amylase gene), /'S'^VU.X • 7^ n J) fryy^^c 
1/7* • BAN 7 5 7— if jfc'fS^ (Bacillus amyloliquefaciens BAN amylase gene) „ 
■ V-^^V * • 7A-# y ^ 7 — ifilfc^ (Bacillus Subtilis 
alkaline protease gene) L< fi^^/l-'.X • ^/^.x • > a if it-fg^- 

(Bacillus pumilus xylosldase gene) (DZfu — 9 „ $fctt7 7-;/ • 7 J*y<D 
P„j£L< I4P L /P€- ^ TcJMtf) lac, trp 5gb< « tac 7°o^— ?t£¥& 

T-l (^n^J-^^jt^) 7°n^r-^ $ fctt7^V /V* 2 £=&8J 
^n^-^^^^fe^o MttJfe^tfnftRrtBfc^n*-- *<D0iJ£ Ltfi, tfV~* 
Ky >-7°a^e— * x p l t-b^77 7 • * y . tK y ^ 

Fp^tstt^y/^7 o B^^ N r> P ^ ^xnmmviMi&te^- 1 ^ 
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ADH2-4c ^n^ — 91z¥&mf htbZ> 0 
&WM'ffl1&~?ftM*IM?j:y'v^--?<DMb Ltfi, ADH 3/o^ ^£fcfi 

t p i A7 , n^-^^^$ ) 5 o 

5 E 1 b-^^*5ltCDt>(^)^^^^^^-^Sfl^J(^iJx.tt*S V4 0^>v^f-) 

tek-amm^^/^-v-m&HMx.&Tv*/ ^^/v^ va rna K-r-sk 

a D NAS?IJ^I1 Ut>b i < ^©-ii L-C(iSV4 oIMg,^(f 

irbTfi. 0!lx.fi, v?tKBii^^f (DHFR) -fry 
tfoW-fe* • ^tp Utft^oJ: 5^c^M^^MfflJiSic:^eTV>s 
it<(5^\ *fcfi#Ox.fiT^t°S/y >\ ^-^i/^ ^h^f-^^y^. ^7 

« P ^DNA, ^n^e-^, feil^EffMfcJ; 19 i?-^^-^4oJ:T>V*^fi 
(4) *mw«mM&ME 
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tf&%mM8&<DMt bTfi N HEK2 9 3»R H e L a COS«, B 

HKM, CHLlfflMfcllCHOiM^if^tl^o ^fimrm^MK^^: 

5&fflJ]&#^f-f bfrl, 0!l*L{i\ -y- y * & t << -fe * • "fe 1/ t"->^ (Saccharomyces 
cerevislae)^fcfi-y-^^7 n-r-f-k^. • ^AM^y ( S accharomyces kluyveri)^ 

a. a r> ^ mis id^t^A L-x&ikmmm±m ^iam ^ * << 

~T?#<5 (^J X. fcf Baculovirus Expression Vectors, A Laboratory Manual ; ~BlXJ 
# Uls Y • h =r— /UX • y{ is* * 7 — • /^-T^-C2 v?— % Bio/Technology, 
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6, 47(l988)^^fSic) 0 

(Autographa californica nuclear polyhedrosis virus) ^££^1^-5 C t # S T?# <5„ 
a&8D]i&£ LT!i, Spodoptera frugiperda OfPMJlWJIS-efeS S f 9, S f 2 
1 [^dp-aP ^-f^* • ^ • X, T-7#^hy— • 

^ = 3.7VK *Vy a—x^f .7U-vy.7y K'*V^=— (W. H. Freeman 
and Company), — a. — 3 — ^ (New York) „ (1992) Trichoplusia ni <Z>0PH#Wj8S 
tfcSH i Fi v e (-r ^tr ha ^lyttDf^ffl^s: ^^x*#5 0 

zmmmm-rzia-z, mi$<Dm&K<Dwm. tt«$fefcjBv\h,tfj:v\, 

-^(DU'J^m^tz.m-( h^77^-^ S-SepharoseFF(^ 
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(5) ^mom^mhMMi^ti^tim^M^tmMM^MM 

5 D N A gff <b A^i~ 5 o 
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— T?r±* TpNEOj (P. Southern, and P. Berg (1982) J. M01. Appl. Genet. 
1:327 ) \ r pCAGGS J ( H. Niwa, K. Yamamura, and J. Miyazaki. Gene 
108, 193-200(1991) ) % TpRc/CMVj (4 > \f V u tf^ftM) , r p CDM8j W^t^P 

W^^/B^ ^— -cte, r P RS303j, r P RS304j, r P RS305j, r P RS306j, 

TpRS313j , r p RS314j , TpRS315j , [pRS316] (R. S. Sikorski and P. Hieter (1989) 
Genetics 122: 19-27) , r pRS423 J , r pRS424 J , T P RS425 J , r pRS426 J 

(T. W. Christianson, R. S. Sikorski, M. Dante, J. H. Shero, and P. Hieter (1992) 
Gene 110: 119-122) *^flSfiPjfiK:/l3V*e>;h,5. 

BalbC-3T3 NIH3T3 $BJJ£, CHO (Chinese hamster ovary) MS, HeLa Iffl 

AS. NRK (normal rat kidney) IBIS, TSaccharomyces cerevisiaej t£ ¥<DW£-&Mti& 
^>±mm (E. coli) »to^ffflf5:a5-C#5o — (DWatM^cD 

<£ 9 fif 5 rims. 
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5> h 09) ^iU^f^M (ATTO fWlVj*— ) &i?£r/Bl^T 

fry r fc*$-srflB-C*>a 0 

^ISWO^gteW©*^^ ®jB*4 90~510nm, ^5 1 0~5 3 0 n 
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(6) *mw(o*v i 

#3BWfc:J:*tfi, #W*B»K:ffittLfc*ttSajL i^f3tI6I, DNA, 

: sura (^^^^"» frb<Dmm.i&ytmEii&fc^<D)£M 

(1) total RNACD^m 

> {favia favus) SrJl^fCo ^ ^ ^^^v- "C## , lit 11 if J>. 
K" TRIzol" (GIBCO BRL) £• 15 ml tittZLXMW U 1500 Xg T? 10 #Wi8<C> bfc e 
±il^nn*/UA3ml|r<^^ 15 #P^m#bfc^ 3 ^|^#SbfCo 7500Xg 
T*15^jt^Ufc 0 ±IWy^n/V-^3.75ml £<;b;L, 15 f3>EI8M$ b 
fcm 10 #HflU£g bfc 0 17000 x g t? 10 ^WiS'C? Lfc 0 _h?f £*&T 70%^ / — 
£ 6 ml ^JPx.T 17000Xg "C 10 ^W3S*Cfbfc. ±ffi&&Xi£®i*: DEPC tK 200 m 1 
X'feM bfc 0 DEPC 7K-C?gfi¥ bfc total RNA £ 100 fgf^LT 0. D. 260 £ 0. D. 280 
(Di&ZMfcL-X MkMfe&m^tZo 20 /j. g(D total RNA £r#fc 0 
( 2 ) First strand cDNA 
total RNA 3m g £r{£fflb. First strand cDNA fife ^ y Ready To 

Go" (Amersham Pharmacia) \Z£<9 cDNA(33 u 1) Lfc„ 
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(3) Degenerated PCR 

-g-^cLfc First strand cDNA(33 p. 1) (D ? h 3 p 1 £r#|?I £ LT PCR £rTTofc 0 

5' - GGI WSB GTI AAY GGV CAY DAN TT -3' (Primer 1) (Ifi?lJ#4§- 3 ) 
5' - AACTGGAAGAATTCGCGGCCGCAGGAA -3' (Primer 2) (@B^IJ#-!§- 4 ) 
MXIiG, Y=CXi4T, V=A,CXfiG, D=A,GXttT 

pcr sis^ia^c 

J-Z/^fX/— h (first strand cDNA) 3 p 1 



X10 taq /^-y ~7 t — 5 pi 

2.5 mM dNTPs 4 // 1 

100 M primerl 1 p 1 

100 /zM primer2 1 p 1 

^ y Q 35 M 1 

taq polymerase (5U//U 1) 1 p 1 
PCR 

94°C 1 min(PAD) 
94°C 30 sec (ggft) 



52°C 30 sec (i§M^<^7°7 ^ -e — ©7^^ JJ 
72°C 1 min C/^-f^— 
72°C 7 min 
4°C 

Cifia^fett-C PCR ^fj ofco >cff te/S^lW — 

5' - TGC CWT TTG CIT TIG AYA TIT TG -3' (Primer 3) (gB?lJ#-S§- 5 ) 

5' - GTC ITC TTY TGC ACI ACI GGI CCA TYD GVA GGA AA -3' (Primer 4) (IB 
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?U## 6 ) 

T#n — ^^;H^»)T, ^ffi£tT,fc±#£<7) 350 bp <£>^ V K^r^O 5 tfci U 

(4) y-znrn— —\s?TkXR£22&m<»&:'%. 

U DNA BfJt £ pT7-blue vector (Novagen) 5 ^ — 3 V L fc 0 
(TGI) ^^.7^- — — iXa yi-C^W /ft!7-f h-tr v-a ^<Htv\ 

eVN^a^-cD^JliffiJ; Q plasraid DNA ^ff^LT, *^A£ frtc DNA ^©^^ 

Bfbfc. ^ftgeifte^O— &^fc3£*MLfcfc©l;:II8U-C, 5' -RACEjfe*5£ 

(5) 5' -RACES 

Degenerated PCR -C»6>ttfc DNA $rif<7> 5' filJ<D±£g@S#J ^^^"T -5 #>&C 
5' -RACE System for Rapid Amplification of cDNA Ends, Version 2. 0 (GIBCO BRL) 
SrfflV^ 5' -RACE£fc£r?Tofc 0 »MibTl) "CPS Lfc total RNA & 3 M g 

DC-tailed cDNA 60—0 g ODi^lM^: 
5' -GGCCACGCGTCGACTAGTACGGGI IGGGI IGGGI IG-3 ' (Primer 5) (IBM#-^7) 
5' - TTG TCA AGA TAT CGA AAG CGA ACG GCA GAG -3' (Primer 6) (@a?lJ#-S§- 8 ) 

5' -GGCCACGCGTCGACTAGTAC-3' (gB^J#^- 9 ) 

5' -GTC CAC CCT CTA CGA CTT TGA GTT CCA TAT -3' (IE?lJ#-*§- 1 0) 

T If n — ;* y /v«^&S& T\ J# @ § tlfc 700 bp cTV^ ^ KSriiU 19 ffl U , L fc„ 
ffiM L/c DNA ItfJt^r pT7-blue vector (Novagen) ^7^-^—^ a >- Lfc G *J»^8c 
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• -4 



(TGI) (c F7^7t-^->3 yfr^;w*7>C hi? ^ v-3 :/£rfrv\ 6 

p 9 plasmid DNA^ffiMLT, *!pA£ DNA W^OttaSE 

^IJ £r DNA is— * ^hJ— £ (9 ^ f Co 

(6) -£m.mmm<D®;^ &^jist?oi&^ 

(5) f£«J; <9#^^fc®e<D N *S^tB^i-^^T^7-r^-^^jKb, C 
*«8ffi0ttsr-y =fdTy>74T-$:$LmVX s (2) "C^jKL^i First strand cDNA 
&mmt LTPCR 2rfrofc 0 

5' - CCC GGA TCC GAT GAG TGT GAT TAC AWC AGA AAT GAA GAT GGA GC -3' 
(Primer7) (BB^J*^ 1 1) 

pcr Rj&mm.!& 

T^-fU—y (first strand cDNA) 3 /z 1 



X10 pyrobest ^777- - 5 ju 1 

2. 5 mM dNTPs 4 ju 1 

100 u M primer7 1^1 

ioomm =f dT -fr^**— 

5 y Q 35 m 1 

pyrobest polymerase (5U/ ^ 1) 1 p. 1 

PCR KJS&tt 
94°C 1 min(PAD) 
94°C 30 sec (^t£) 



52°C 30 sec (iS^oyy^v- <£>T — — y >-^) 
72°C 1 min (^^-f^— #g) 
±|E3 *<r-v~7& 30 -y-^T ^/v-tTofc„ 
72<C 7 min 

4°c un 
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LTpRSET vector (Invitrogen) (D Ba/riW I N BcoR I \Z f- zf $ n — =, >- U X x 
;*:J3§0#c (JM109-DE3) -e^m$-frfc 0 STc^;*^ K&EHRU AtA^fc^ 
Sia?US:*S Lfe„ * d — £ KkG t Ufc 0 # ^tL^^S<D^LSgS^JSria^J* 

Ni-Agarosegel(QIAGEN)T*«®!Ufc 0 h Cfc 0 

(7) ^7t#14cDfl?W 

lOjttM^se (Kko <D?BsmwL&m^xm.$Lx^? h^&mfeLtio 

h/notr— ^©ttJ:9*/HR3lfi«»[SrSHIbfc„ 507 nm \z.Wsl<d fc c — ^ $W 
frbtl, 450 nm^feJ-tSKJlR^ 0.005 £ ft -5 <fc 5 K:ffc3tX6&JiK©««iK"C*fr 
fRLT,450nmT«3Lfcl*F(D^}t*^ h/^$'j3£ Ltc (El 1 ) 0 EGFP (CLONTECH) 
*PJ13lJi: 450 nm^*5ttSKl|K*S 0.005 t^5<t 5tLtf)i£7^^ h/l'&SJJtU 
EGFP 0. 6 £ Lt*J8WOgfi»0*fW^*ftft 0 1 K 



^1 













pHflSgtt 




1 KkG 


507nm 


517nm 


80000 (482nm) 


0.68 


pH5~11-e^^ 
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(8) pHjRgte©Slj£ 

4h pH (D»f^fi^(Dii t) , 

PH4, 5 : S|/-!y77- 

pH6 : MES 777- 

pH7 : MOPS A5/77- 

pH8 : HEPES s^-yZ7 7' — 
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pH9 % 10 : ^y^y77- 
pHll : !)y|^y77- 

&ytm*<o ph feftm&mm v-ftm^m 2 ^-r 0 

(1) Green tf>*> Red (^/Bft&tJ^ft) Mtt^#^^«T' 

Green frb Red ^t^Jt^tt^^fe^lt^^W^^lfe-C^^V^^tSeK KkG <7> 

^^n^r^^^^^m. (d) ^rt^^v^v (h) tf^t-sritj;^ nytm 

fi® KkG <7^3fc#t££ Green £><b Red ^ t ftJTOiW#jK:^|&-t?# 5^161 
(KKH) (KKH <DT^ / ®?IE3?'J£IB?iJ#-S§- 1 2 Jc^ U i£X@B?iJ£IE?iJ#-*§- 1 3 
— t&W&mt-rzz bfrtti&t- HI4) 0 HI 4 A 2 (D^wnytMftt 

&<D Red (D^^^r^o^(DPi^IlX (583nra) (DmM^ir 0 KkG tf> 40 

#@CD^^^-=^ (M) ^/^U^ (V) 62 #@CDT^/^3r>'^ (D) £r fc X 

^> (h) 198 #@ <7>-r ya-fv-v (i) ^^^-^-^^ (m) ^sgi-r^r t 

(Clj; <9 Green ^P, Red %WM{k^m^^ Z>1£JtW. (KKH) £ 

<9 t^g-f^ffi^, o£9, liV^^ii:7t#t££: Green frh Red-- 

(H8PV) (H8PV 5 / KEW'«rE3W-S- 1 4lc^U i£SIB?iJ£ 
@a^iJ#-§- 1 5 fc^-T) r i ^fii*7c (0 3), 

&5fe®£JfKkG CD 10#S(D^^^-^>- (M) Hyo^v'y (I) fc, 12 #g 
©D^^/y (L) ^yy (V) K % 40 #@cr>^^^-^^ (M) £^y^ (V) 
60#g(D^y^ (V) ^77-> (A) (C N 62#B<^T^^7^^B6 (D) ^t^ 
(H) 119#@<7>^n>'V (Y) ^T^^7=¥> (N) Id, i44#gcO^ > 
pU> (P) ^iry^ (S) fC, 197 fliDT/^-y (R) ^P-f^y (L) 

198 #i©^ yo^^i/ (i) &*<?*=.^ (m) tcg^-r-s^ .tic j; r>ik%tm. 

£ Green P> Red — h 3fcfiSJW fcl * 6 H (H8PV) ftJ&St£ 

liV^-C^^fi^tt^ Green frh Red ^i^iTtSfTfelfif 
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(H38PVLM) (H38PVLM ©7 $ J ^@B^J?rBB^J#-^ 1 6 U i£g@E?!l£BS?!l# 
^•17W) ^fS^i:ism*fc (03), 

f 3fe®6K KkG <£> 10 #g £>y ^-^-—v oo Hvn^vy (I) 40 #g 
<D**5-3r~y (M) Sr^y>- (V) (c % 60 iiro^yy (v) SrT^ — ^ (a) fc, 

62#g ©7^7^yl (D) Srt^^i?y (H) 70#g©!J^y (K) 
/l-*^^ (E) 119 tlOfoi/y (Y) SrT^^7=¥> (N) fC, 197 #g 
©7VMr = > (R) Sr^Ol^*^ (Q) [d % 198 # g <7)-T Vn^ (I) £y^;*- 

(M) l£M*&-rS^ £tC«fc 9^#i4Sr Green 7>£> Red %WMfe&#)\Z-X* 
(H38PVLM) «t <9 ^^S'tt^i«V\ o£ 5 N pv^-e^3t#ttSr 
Green frh Red ^t^tf 51 ^S6f (KikGR) (KikGR (D7 5 y gfcKiJ!|&E 

1 8 ^ u m.&m?i\&m?m-%- 1 9 k^-t) ^-rs r t i*mikit m 3 % 

HI4A3, A4fctGreen (D>&% (517nm) ^tk^^^(Dm.U (507nm) ^^0S^{- 
£ «9 fcM4> U Red (D-myt (593nm) &&o£|$#CD^ifc (583nm) fc*fj 
^nLfc^i«r^i- 0 fiP^, Green *»P> Red ^£&3M^&3teJlM*##ttfc:£Jfc-C 
# * v ^3at©*3tS 6 Wt? KkG <7> 62 # g tcfa ^ f 5 T ^ y {d (i^feffl 

3 007 5 y^XYG (m3<DTX? }) XfUft, Xte&M(DT$sm. 

y fi— mmzYfj-v^is^ «^i:±otii7i^77=^ h y :r r- ^ 7 

t-e^-T^ r. t K X <9 % ^T^tt^ Green j6»fc Red ^ £ }fcH8l*#i#fi<Jl::3g|fe-C# 
33bfcSe«£o< 9fc-Tii:755m*5o Green Red j&ftflM* 

yfifefct^v^ (H) fcBJfebfefe<Otc % ftl^fMfil^KkG© 10 #g^ 
tB^tS75/«?^ynyyy (I) ftE^Dtl 6 Sf t? KkG (D 12 # g 

ffiSt57-;;i^y>' (v) ffisto^ftsaft^ KkG ©40 

57^/t^yy (v) «£«<7>^3tse«-CKkG<O60#Hc:tB^"t-ST5 
y^&7^>- (A) (d, ft^(D^7t^eKt?KkG(D70#g^ffi^i-5T5y^ 
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^7^/^^ (n) ic&M^i&yt^&nx* KkG <d lumni^^-t^T^/m 
(s) \^ &M<D%;ytm&'M:x*KkG(D i97#g^+i^-rsr^ ym^n-r 

i/> (L) ^fcfi^Vw^^^ (Q) (c, MccD|£^6ftTKkG CD 198#gi;:^ 
t575/tlr^ft-y (M) t7 5/tttt5 5 ^coffffix^CDT^ /^figl 
*r£trr tti 0, 3£3fe#t££r Green 2>k Red £ 3tJ8tf*##ffjfc:2£&-?# 

ft#t££r Green Red S^^SK^^-TS £ t 

Green *»fe-Red — t ^ft#tt£ftJWte##j{C^&-C# 5f^I6f Kaede t 
KikGR &*»W^»^&*Jfc«H-5 t KikGR (Djjtf Green ©iH, ftj^tt^l* 
^m^'b^Tfe^^^VN- tft^Ztltcm 5 A) 0 Kaede t KikGR CDitfc~T £ HeLa 
*M&te3|CALJS3££*5£, KikGR (Dteoft Kaede <fc 9 fc#-< *3feSr» Ufe (HI 
5B) C *fc,HeLa MT^^^-ftfc KikGR £ Kaede &3feJ$#f M <£ 9 #fflfl&l*]-C Green 
d»b Red teSbte«H4&3£ffc£*;fc:£ KikGR ft Kaede td^-<-C0J h fr\^M< 
Green d»b Red ^<OikRm&<DW&ifi1R&£fr s JLo, 

(EI 6 A, B N C, D) 0 O^D, Kaede i KikGR COT ^ 7 ^la^lj^jrt^ L/c <t 
/Sl^oTV^gB^te KikGR <tPCT$ /ii^a 9. Green 
bRed^^#'tt^^^t-5^^_h^i9 % jlo, m5feM^^<^-5ri^ 

StST^HIrt^^y (H) ^SglLfc^cD^ ffisCO^MGSC-T? KkG 
CD 54#@(Cta^-T5T5 7t^7x^77-y (F) (C, ffitCDibt^ ^fCT* 
KkGC0 69 #@td|@^-rST?ym^^y >- (V) \Z. S ftmtDmytm&n-X: KkG (D 
87#@{C^B^t-5T5 yt^fni/y (Y) M x ffitcD Jf-? KkG CD 93 # 

@(Ct@^i-^T^ 7S££^ (M) IC, ft«CD^^MSK-eKkGCD 109#@ 

ICffi^T^/^^f^y (M) ^ ^CD^^SK-eKkGCD 121 # g 
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*@^-r5T5 /m^-f ywasis o m % ffitosbtaeK-cKkGO) i4o#@^ 
^B^i-5T$ /®£&/-*y > (v) ttSo^se«-CKkG<Di6o#B^taa-t- 
57^^j)y (v) [u7 5 y 5 t>©jsrti^©7 $ y li^^^tf 

-itJ:^ Green Red (-^#i4^»i-53S^^_h^t) N J[o N 

(2) Purple fi*h Blue ^£ ^3tW4Sr* (&*MfcRt*a*3te) fl8*t*#«Jfc«* 

Purple Blue — £ 2fc3t4*te £3teJ$l*j&#l$fc:3Eife-C£ Jfe V^fcg SI KkG 

<D60#@tf>^y^ (V) ^77-^ (A) Id, 62#KD7^^7^r>i (D) £^ 
(G) fc % 63#g<7}^n^/^ (Y) ^fc^^-v^ (H) 197#g(Dfc^ 
Vis (H) Irn^v'y (L) id, 199 #S©-<yn^v'> (I) ^M/t^y (t) 
MS!&-r5r fcfc«t «5, .^7t®e« KkG (D^Tt^tt^ Purple (380nm) t>h Blue 
(450nm) — <t 7fcTO##lft^&-C# (Kbl2) — £ teStSrggffc-f 5 

r £ ^ttj&fc (Kbl2 ©75/ i6E^JSrBB^J#-8- 2 0 fcjj* U 4&SBB^JSriB?iJ#-^ 
2 1(C^-T) (03, 07, HI 8, 09), o£ 19, ffigt<Z>^tg6St-eKkGtf>60 
fBW!St57^i^77^^ (A) fc % ^<Z>^SeK-CKkG(0 62#a 
(Cte^-t-^T^ ySfeSr^U ^ (G) ^(D^7t®a«T?KkGCT)63^S(v:tg 
St57^ /BfcSrt ^v 5 ^ (H) fc, ffiiSO^Se®T?KkG<Z? 196#gtC^^ 
t575yi^n^^y (L) {C n fttOSjtieR-e KkG tf> 198 # g ^*§|y§-r<5 

frfrtttsZ. t \Z. i oT^7t#i4^ Purple 7>b Blue — 1 3tflR3ttt#Wfc3Eiftt? 
^^t-i <9 , t-Jis (faviafavus) *3te<E>3&9&fc^t®&® 33*11 
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1 . Xtf^dr^/r v-(faviafavus) ft3t6<£>TSE<£>#t££r^ri- %>%Z%^. & Wo 

( 1 ) B5Sffi^:jRS^ s 5 0 7 n m-efcS ; 

(2) t«W5 17nmtfc5; 

(3) 4 8 2 nmtefettS^/H&ft^gCJ&S 8 0 0 0 0^5 ; 

(4) 4^11X^^0. 6 8tfc5 ; 

(5) f»©pH^tt^pH=5~l lt'^ffeS : 

( b ) m?m-% i iznm<DT $ y msmv^^^x 1 f)>hw.m<or * y m<ox^ 

* 7 ^Bfe £ fc * ^ ^ b it T * y i£IE?iJ <Sr #1" S i&ftS 6 ® 0 

( a ) Sfi?iJ#-^ 1 \z.wdM<OT 5 y BftBB^U ; Xti. 

(b) @a^lj#-^l fclEStOTS SmS&]\Z$5\,*X lfr(b&m<DT $ S&t<DX£:. 

i 9 8#KD7^yiaiT-fe5^yo^i/y^^^^y(ct^Lfc7 

(b) ie?y#-*§-i \z.nz<m<DT smmmz&^xifrtb&moT^ ;&<dx^ 

5. £*T<£>fa*La»<E>r 5 ymia^ii^v^-c 1 of g©7^ ;Mffimx&z>* 
ft=y^yc/fyyn s i 2#@©7?;M^5D^^y^!) 
4 os@©7^ yiast'fes^f^y^j) 6 0#g©7$/tlS 
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^v^k:, H9ii©7^yiMr^foi/y^7^7^y|;, 14 

4#g(75T^ y y >-£-fery 1 9 7#icD7 5 /iMT" 

fc57;v^y$:u^v'y[: x 1 9 8#l<D7$yiMt'fc5'('yp^^y^ 

y ^ - ^Km.m vtcr $ y ^sb^ij z> i&ytm e « c 

(b) me?ij#-^ 1 ^ta«fe(DT 5 yggga^&^-c i^f>tn©7^ /m<DX^ 
m&RV/xnttM&m-tz T^s mmw&i? u myt&mi-z t % y mum 

6. siT-oyfatifriDT * ymmm^\,^x 1 o#i©7^iMt'fe5^ 

6 0#gC0T5 yiaST"fe5/<y ^T^-^Cl, 6 2#g<7>T$ y®?g| 

X-e&ST^^^st^t ^f^yii, 7 0fi©75ysasi!fc5 y 

iklffV? $ 1 1 9#@<7)T $ y ^S-Cfe^^n v-^^T^^°^ =¥>-{C, 

1 9 7SI©7$;iait'fc57;^y^W 5; 1 9 8#gcr)T5: 

y ^a^-trfc y p v-^^ y ^^-^ ^{c:^ ufcT 5: y ^ib^ij^^-t ^ ^ 

( a ) gB?iJ#-5§- 1 tC|E«c<DT 5 J ®?IB?IJ ; Xfi, 

(b) m^m-^r 1 ^fEtt<7>T $ ymSB?IJ{-*3VNT 1 ^?>M<7)T ^ y^cD^^ 

lMt;/xtt#Jp^ft5 7-; yg£ia?ij£^u it7fe£*-r$T^ y@£ie*ij : 

7. ^T^fprtL^coT ^ yi?ga?ij^*5VNT6 ot @©7^/iMx*fc5^ 

6 3f S©7^/iiStfc5fnyy^k^f^yt, 1 9 6#|(D7$;i 
ilT'fcst^fyy^n^fyyt, 1 9 8#g(D7^/t?llT^5y yn^ 

( a ) SB^J#-^ 1 KW,m<DT * y ^SB^IJ ; Xlt, 

(b) ib^j#-^-i ^fBtt<DT ^ /mmm^^^x 1 ^miot 5 /wz<dx^ 
itto ! /xiiffl^ft57 5 y ^la^ij^^ru, ^bfe^i-ST 5 y @£@a?ij : 
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(b) ia^j#-^-i ^fEifecDT $ ;mmmz3$\,^T i frbWt^oT ^ /^cd^, 

A : 

10. uT<Dfathfi>(Dmmmm$:^'tz>r>NA 0 

( a ) SE^J#-^- 2 ^|E«Oi^S@B^J ; Xtt, 

(b ) S2?IJ#--5§- 2 (Clffitt(D^:S@B^IJ^*3V^T 1 frhm®(Di&m<DtK^ W&RXf 

11. £JtTo^tt*>©lfc£IB^I«rW-t-5DNA. 

( a ) ga?U#-§- 13, 15. 17, 19 Xtt 2 1 (c:iEm<£>i££Sa?lJ ; Xtt, 

( b ) IB?'J#-5§- 13, 15, 17, 19 Xii 2 1 ^fa«t<DM@a^J(C*5^T 1 fa 

^ioiso^*, s^i>vxtt#^p^^-r?,^sia^j^^-u, ^msw 

1 4. W*^1^^7©^tL^}C|H«c(D^^^eWi:ftil<7>MS«^^^^§ 
1 5^fE«(Dllj^^^S« 0 
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1 9. Green Red ^ b ftM&i&ftfo^^^ fj;\,^3tm& 

Green Red £ 3fcJl8f*##ttfcfgife-C£ 

2 0. Green Red — t f)fe#tt^3feI«»#ft|lfi-C# *V^Jt»e 

*ati\ Green Red ^ £ ftJ$#*#c##J^i&-C# ^ItftM & «£M 

( 1 ) IB?iJ^tf>I3?"J#-5§- 1 \ZLUm<7>T 5 / I£BE2F>J3r*ri-58btegS®<E> 6 2 #g 

tffiSi-aT? ./^co^-tv yn^ v-v— <d«i& ; 

( 3 ) e#i*(z>E*i## i tciBttror ? y iE^^irt^f^ief© i 2 #@ 

(4) E^J*©E^J##1 tlB*©T5 y»E^JSrWi-*^3tefieff©4 0#@ 

(6) E^J«OE^J##l fclB*<or $ y»E?!l«r*i-6*3tfi6«© 7 0#l 

(7) m&m<nw&m-%ri\z&m<oT ^ ymm^i^m-r^^m^WD 1 1 9# 

(8) ia^j*cD@B^j#-^- 1 fcflB«©r $ ymmm&^-tz&ytm&Mv 1 4 4# 
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(9) m&m<Dm&m&ii£&m<DT$swtmm&#irz&ytm&'2i<ni 9 7# 
do) mmm(omnm^iizmm.(DT$ ;mmm*ft-fz>$kytm€iW<ni 9 8 

2 1 . WKI^T s Tf5<£>fi$&<£> 5 *><D*J>fc <ttl £Ur<757 5 y 

SfeflMfe&fif Sr-g-tf. Green Red ^^#14^^^ 5 jS**S _h# 9 , 

(i) sa^J*<7>iB^"j## i \z.uMl<dt^ ;m$zn%:fcir%mytm£iK<D6 2#s 

fcteMSi-ars y^JCOVNTy 5^->^£>g|& ; 

(6) fi#J*<DEai##l mSEfcOT 5 yKEJUSrWf-5^3tSe®<^ 1 0 9# 

stcts^-rsT^ /^Kio^-cy ^^-^v^^tt^ ; 

( 7 ) m&m<Dm&m-% 1 iciest 5 y »E^j«r^rr5«>fcsewo 1 2 1 # 

(8) @a^m<D@fi^y#-§- 1 \z&m<DT ^ ymMm^-r^m { tm^'K(D not 

(9) BB^OBE^iJ#-§-l {cfSicOT $ y IftE^ISr^r-rs^SeSro 16 0# 
2 2. Purple frb Blue £ 1kffl^&%mto&&mzM&ri*& ft V*£btX 
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^tf, Purple Blue - 1 5fcfl8tt##«H^&-?# 51£5fc^6Sr 

(2) sa^ij^^iB^j## 1 \z.um.<dt^ /mm&^-rz>i£ytm£iw<D6 2#@ 

(4) sa^m(Dia^j#-^i (ctE^cDT ^ y ^ga^ij^^i-5^:^e«cD i96# 

(5) ga^<Dia^j#-^-i ^iBgtoT 5 y gtia^ij^^-r^^^MfiWo i9 8# 
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frmW<DSmts *7$^*c? *4 */ (faviafavus) ^ & 351" 5 , $T#!&^3fc^ 

&m&&&i-fZ>~tX*3bZ> 0 *38W^«ttLHf, =3f-^^-T '> (favia favus) 

(1) Hj®^j&S^5 0 7 nm-C*>3 ; 

(2) ^3t«^:SEft*S5 1 7 nmT^foS ; 

(3) 4 8 2 nmldtettS^/MSft^lBcass 0 0 0 0 t?fe5 ; 

(4) fi^lfcsfr&SO. 6 

(5) *3fe*^:©pH*i;Stt* s pH= 5~ 1 : 
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